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of prior copending United Sraiwi applicaiW Serial No< 08/383,509, filed February 3, 1995, 
entitled "Method And Apparatus For TherapMftc Electromagnetic Treatment," which is a 
continuation-in-part of prior co-pending United States application Serial No. 07/964;?.10, filftd 
October 20, 1992, entitied "Method And Apparatus F^Olierapeutic Hiexittomagnfttic 
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Field of the Invention 

I 

{ The present invention relates geneially to the ait uf elcuCruuiaKiieiic skin treatment, 

I including devices and uiethods for removing hair. The invention relates to a method and 
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apparatus for utUiring a spatially riispersed or extended pulsed light source bucli as a 



flashlamp and providing treatment parameters for iis use, and also relates to use of devices 
and methods that utilize electroinaj;neiic energy to kill hair follicles. 

Backp;round of the Invention 

It is known in the prior an to use electromagnetic radiation in mediciil upplicaiiojis for 
thftrapeutic uses such as treatment of skin disordcis. For example, U.S. Patent No. 4^98,005 



to Mutzhas describes a cuniinuous ultraviolet lamp with cosmetic, photobiological, and 
photochemical applications. A treatment based on using the UV portion ot Thft spectrum and 
its photochemical interaction wth the sInn is described. The power delivered to the skin usiiiK 
Mutzhas' lamp is riftscribed as 150V//m:; which does not have a i>ij;nificant effect on skin 



dcrmatological procedxires, including Argon lasers. COj lasers, NriCYag) lasers. Copper vapor 
lasers, ruby lasers and dye iasexs For example, U.S. Patent No. 4,829,262 to Furuinoio, 
describes a method of ronstmcting a dye laser used in dermatology applications. Two skin 
conditions which may be treated by laser radiaiiun aic cAieinal skin irregularities such as 
local differences in tlic pismciUaLion or structure of the skin, and vascular disorders lying 



deeper under the skin which cause a variety of skin abnormalities including port wine stains, 
telangiectasias, leg veins and cherry and spider angiomas. I ^scr treatment of these skin 
disorders generally inr.iudfts localized healing of the treatment area by absorption of laser 
radiation. Heating the skin changes or cuixccis the skin disorder and causes the full or paitiol 



temperature. 



Li addition to prior art treatment involving UV light, lasers have been used for 
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disappearance of the skin ahnnnnality. 

Certain external disorders such as pi^emed lesions can also be rreated by headnj; the 
skin very fast to a high enough temperature to evaporate parts of the sWn. Deeper-lying 
vascular disorders are more typically treated by heating the blood to a high enough 
temperature, to cause it to coagulate. Hie disorder will then evejitually disappear. To control 

A 

the treatment depth a pulsed radiation source is often used. The depth the heat penetrates in 
the blcxxl ve^l is coutiulled by couirulliuK die pul^ic widlli uf Lhc mdiatioit source* Hie 
absorption and scattering coefficients of the skin also affect the heat penetration. These 
coefficients are a function of the constituents of skin and the wavelength of the radiation. 
Specifically, the absorption coefficient of light in the epidermis and dermis tends to be a 
slowly varying, monoionically decreasing function of wavelengilu Thus, the wavelength of the 
light should be chosen so that the absorption coefficient is optimized for the particular skin 
condition and vessel size being treated. 

The effectiveness of lasers for applications such as tattoo removal and removal of birth 
and age marks is diminislied because lasers are monochromatic. A laser of a given 
wavelength may be effectively used to treat a first type of skin pigmentation disorder, bur, if 
the specific wavelength of the laser is not absorbed efficiently by skin having a second type 
of disorder, It will be inefFectivc for the second type of skin disorder. Also, lasers arc usually 
complicated, expensive to manufacture, large for the amount of power delivered, unreliable 
and diffiailt to maintain. 

Tlie wavelength of the light also affects vdscukr disorder treatment because blood 
content in the vicinity of the vascular disorders varies, and blood content affects the 
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absorption coefficient of the tre;*tTnftnr area. Oxyhemoglobin is the main chromophore which 
controls the optical properties of blood and has stiuiiK alwoiplioa bands in the visible region. 
More particularly, ilic suougesi absorption peak of oxyhemoglobin occurs at 418 nm and has 
a band-width of 60 nm. Two additional absorption peaks with lower absorption coefficients 
occiir at 542 and 577 nm. The total band-width of these two peaks is on the order of 100 nm. 
Additionally, light in the wavelength range of 500 to 600nm is desirable for the treatment of 
blood vessel disorders of ilie skin since it is abMjrbcd by tlic blood and penetrates through the 
skin- Longer wavelengdis up tu lOOOmn are also effective since they can penetrate deeper into 
the skin, heat the surrounding tissue and, if die pulse-width i$ long enough, contribute to 
heating the blood vessel by thermal conductivity. Also, longpT wavelengths are effective for 
treatment of larger diameter vessels because the lower absorption coefficient is compensated 
for by the longer patli of light in ilie vessel. 

Accordingly, a wide band electromagnetic radiation source that covers the near UV 
and the visible portion of the spectrum would be desirable for treatment of external sldn and 
vascular disorders. The overall range of wavelengths of the light source should be sufficient 
to optimize treatment for any of a number of applications. Such a therapeutic electromaguciic 
radiation device should also be capable of piuvlding an optimal wavelength range within the 
overall range for the specific disorder being treated. The intensity of the light should be 
sufficient to cause the required thermal effect by raising the temperature of the treatment area 
to the required temperature. Also, the pulse-width should bft variahlft over a wide enough 
range so as to achieve the optimal penetration depth for each application. Therefuic, ii is 
desirable to provide a light source liaving a wide range of wavelengths, which can be selected 




according to the leqiiircd skin treatment, with a controlled pulryc-widtli and a high enough 
energy density for application lo the affected area. 



The intensity of the emitted light can be made high enough to achiftve the required thermal 
effectSj^ Ihe pulse-width can bft varied over a wide range so that conaol of thermal depih 
penetration can be accomplished. The typical specUuin covers the visible and ultraviolet range 
and the optical bands most circOive for specific applications can be selected, or enhanced 
using fluorcsv;eiU materials. Moreover, non laser type light soiirce$ such as flashlamps are 
much simpler and easier to manufacture than lasers, are significantly Iww expensive for the 
same output power and have thft potential of being more efficient and more reliable. Tlicy 
have a widft 3?pftctral range that can be optimized for a vaiiciy of specific skin treatment 
applications. These souivcs also have a pulse length that ean be varied over a wide range 
which is critical for the different types of skin treatments. 

In addition to being use/i tor rreatmg skin disorders, lasers have been used for invasive 
mp/iical procedures such as lithotripsy and removal of blood vessel blockage. In such invasive 
procedures laser Ughi is coupled lo optical fibers and delivered through the fiber to the 
treamient area. In litiiotripsy the fiber delivers light from a pulsed laser to a kidney or 
gallstone and the light interaction with the stone creates a shock wave which pulverizes the 
stone. To remove blood veictsel blockage the light is coupled to the blockage by tlie fibci and 
disintegrates the blockage. In either case tlic diuuconiiiigs of lasers discussed above with 
respect to laser skin ucatment are present. Accordingly, a treatment device for lithotripsy and 
blockage removal utilizing a flashlamp would be desirable. 



Puliicd non-laser type light sources such as linear flashlamps provide these benefirs. 



5 





To effectively treat an area the Ught ftom tlic source must be focussed on the 
treatment area. Cnnpling pulsed laser light into optical fibers in medicine is /pHtc common, 
■nvet prior an describes coupling isotropic incoherent point soutwk such as CW lamps iiUu 
small optical fibers. Vot example. U.S. Patent No. 4.7.^7.431. Issued July 12, 1988, to Cross, 
et al/discloscs a method for focusing incoherent point sources with small filaments or an arc 
lamp with an electrode sftparation of 2 mm into a small area. Point (or small) sources vrti 
relatively easy to focus without laige losses in energy because of the small jdze of the source. 
Also, U. S. Patent No. 4,022,534. issued May 10. 1977, to Kishner discloses Ught produced 
by a flash lube and the collection of only a small portion of the light euiiued by the tube into 
an optical fiber. 

However.- the lareft dimension of an extcuded source such as a flashlamp makes it 
difficult to focus large tactions of its energy into smaU areas. Coupling into optical fibers Is 
even more diTTicult since not only must a high energy density be achieved, bui Uie angular 
distribution of the light has to be such that trapping In the optical fiber can be accomplished. 
Thus, it is desirable to have a system for coupling the output of a high intensity, extended, 
pulsed light sourcft into an optical fiber. 

Hair can be removed permanently for eosmetic reasons by varinus methods, for 
example, by heating the hair and the hair folUcle to a high enough tempeiaiure that results in 
their coagulation. It is known thftt blood is coagulated when heated to tcmperatures.of the 
Older of 70'C Similarly, healing of the epidermis, the hair and the hair follicle to 
tftmperatuies of the same order of magnitude will also cause theu- coagulation and wIU resuU 
in pennanent removal of the hair. 
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One conunon wrthod of hair removal, often caUcd clcctrolysia. is based on the use of 
-elfictric needles" that are applial lo each individuol hair. An electrical current is applied to 
each hair thiuugh the needle. The cunent heats the hair, causes Its carbonization and also 
causes coagulation of the tissue nejrt to the hair and some coagulation of the micro vessels 
that feed die hair follicJe. 

While the electrical needle method can remove hair pennanently or long renn. its use 
is practically limiied because the treatment is painful and the procedure is generally tedious 
uid lengthy. 

Light can also be used effectively to remove liaii-. For example, other prior art 
methods of hair removal involve the application of pulsed light, generally from coherent 
sources .siich as lasers. R. A. Hatlc, et al., in U.S. Patent No. 3,693,623, and C. HlfViV, in 
U.S. Patent No. 3,834,391, teach to remove hair by coagulating single hair with a Ught 
coupled to the individual hair by an optical fiber at the immediate vicinity of the hair. 
Similarly, R. G. Meyer, in U.S. Patent No. 3,338,919, icmovcs hair on a hair by hair basis 
using energy from a pulsed laser. Similar inventions using smhll fibers are described in U.S. 
Paterxt No. 4,388,924 to H. Weissman, et al. and U.S. Patent No. 4,617,926 to A. »mon. 
Each of these icach to remove hair on© hair at a time, and btr thiis .slow and tedious. 

U.S. Patent No. 5,226,907, to N. Tankovich, describes a hair removal method based on 
the use of a material that coats the hair and hair follicle. The coating material wihances 
absorption of energy by the follicles, cither by matching the frequency of a Ught sounv. to the 
absorption Ircquency of the material, or by photochemical rftacrion. In either case the Uglil 
source is a laser. One deficiency of such a meihod and apparatus Is that lasere can be 
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«cpensive and ^nibjeci to stringent regulations. Additionally, th.. coating mareiial must be 
applied only to the luir foUiclw. to insure proper hair removal and to pi^nt damage of 
other tissue. 

Light (electromagnetic) energy used lo remove hair mast have a fluencc such that 
sufficient enPTgy wiU be absorbed by the hair and the hair follicle to raise the lempciatuic to 
the dcsUed value. However, if the Ught is applie/l to the surfece of Uie skin other than at the 
precise location of a hair foUicle. the iieht will also heal Uie skin to coagulation temperature 

and induce a bum in the skin. 

Accordingly, it Is desirable lo be able to treat the sWn by eft>r.tively heating muldple 
follicles, without burning die surrounding sidn. Such a method and apparatus should be able 
to remove luuie than one haij at a time, and pn'.ferably over a wide aiea of sUn, for example 
at least two square centimeters. Additionally, the method and apparatus should be capable of 
using incoherent Ught. 

^ Summary of the Invention 

According to a first embodiment of the invention a therapeutic ireatnieui device 
comprises a liousing and an incoherem light sniirce. suitably a flabhlamp. operable to provide 
a pulsed light output for treatment, di.sposed in the housing. Ue housing has an opening and 
is suitable for being disposed adjacent a skin treatment area. A reflector is mnnnted within the 
housing proximate the light source, and at least one optical filter is mounted proAhnate the 
opening in die housing. An iris is mounted eoextensively with the opeiiiixg. Power to die lamp 
is provided by a variable pulse width pulse forming cireuit. Thus, the treatment device 




provides controUed density, filtered, pulsed light output through an opening in the housing to 

a sidn areft for treatmenL 

According to a second embodiment of the invention a method of trftatmeni with light 
energy coniprises the steps of providing a high power, ptilsed Ught output from a non-laser, 
incoherent Ught source and directing the pulsed light output to a treatment area. The pulse 
width of the light output is controlled and focusscd so that the power density of the light is" 
cnntroUed. Also, the Ught is filtered to control the spectrum of the Ught. 

According to a third embodiment of the invention a coupler comprises an incoherwii 
Ught source such as a toroidal flashlamp. A reflector is disposed around die incoherent Ught 
source and at least one optical fiber or Ught guide. Titc fiber has an end disposed within the 
reflector. This end coUectS the Ughl fion) the circular lamp. In a similar coupUng 
configuration fibers may be provided, along with a linear to circular libftr transfer unit 
disposed to receive Ught from the Ught source and pmvide light to the optical fibers. The 
reflector has an elUptical cross-section in a plane parallel to the aAis of the linear flash' tube, 
and the Unear flash tube is located at one focus of the eUipsc wliilc the linear to circular 
transfer unit is located at the other focus of die cUIpse. 

•Hie invention further includes the method of treating the sldn to rcmovft hair from an 
an area of tissue by producing electromagnetic energy and applying the energy to the sbii. 
At least one pulse of incoherent electromagnetic energy is preferably used. The incoherent 
electromagnetic energy is thftn coupled to an area of Uic surface of the tissue that includes 
more than one hair foUlcle. 

Additionally, in one alternative embodiment the energy may. but not necessarily, be 




produced by pulsing « flashlamp lo generate a pulse having an energy Huena-. on the order of 
10 to 100J/an». THe energy can be coupled through a window in a housing in v/hlch the 
tlashlamp Is located, by reflecting the energy to the tissue through the window and through a 
gel located on a surface of the tissue. Hie. window may be brought into contact with the gel. 
it other alternative embodimftnt.^ the angular diveigencc of the electromagnetic energy is 
controlled, and thus the depth Of penetrdlion mto the tissue, and the coupling to the hair and 
to the hair follicles, is also controlled. In another alternative e^rbodimeni each step of die 
method is repeated, but at least two angular divergences are used, thus obtaining at least two 

depths of penetration. 

In other alternative embodimems, electronugnetic energy is filtered. Sper.itically, in 
one embodiment the elearomaKneUc energy is filtered according to the piementation level of 
the tissue to be treated. In another alternative, energy that has a wavelength of le^-s than 
350mn and greater than 1300nm is filtereil. Some or all of such energy ean be filtered. 

In yet another alternative, embodiment, the pulse produced has a width of less than 
aOOmsec, and/or the delay between pulses is ou the order of 10 to 100 msec between the 
pulses. In one embodiment, the surface aiea of the energy at the tissue is at least two square 
centimRrftrs. 

In accoidance with a second aspect of the invention an appararas fui lenioving hair 
from an orea of tissue that include*; more than one hair follicle includes a source of pulsed 
incoherent electromagnfttic energy. The source is located within a housing, and a coupJer 
directs the incoherent electromaKiieiic energy to the surface of the tissue. 

Accordins to an ahemativc embodiment the source is a flashlamp and a pulse 
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generaiins circuit that generates pulses of energy that have an energy fluence on the ord«r of 
10 to lOOJ/cm'. The eouplftr can include a transparent window and the hoi«mg a reflective 
interior, wherein the energy is reHected lo the window. A gel is disposed on the surface of 
the tissue and the window Is in contact with the gel, to eouple the energy throuKli Uxe window 
and gel- 10 the surface of the tissue. In another alternative embodimci.l the energy provided by 
the coupler has a range of angular divereences. 

In another altemativft embodiment at least one band pass electromagiietic filter Is 
disposed between thft source and the (issue. The filter can be selected such that the 
wavelength of the energy diat passes through the filter is based on the pignieiuation level of 
the treated tissue. Alternatively, the fflters pass energy that has a wavelength of between 

550nm and ISOOnm. 

In other embodimenLs. the source piovidcs pulses having a width of lft<w than 
200mse.c. and/or delays between pulses on the order of 10 to H«) msec. In anotlia 
embodiment, the area of the energy at the tissue is at lea.<rt two square ccnibicters. 

According to a third aspect of the invp.mion. a method of removing hair from an area 
of tissue that has more than one hair rollicle includes pioducing at least one pulse of 
electromagnetic energy. A gel on a surface of Uie tissue cools the tissue, but the gel is not 
adjacent the hair fnllicle. The electromagnetic energy is coupled to the .oirface of the tissue. 

In one alternative embodiment, the energy is produre/i by pulsing a fladUamp, and a 
pulse having an energy fluence on the order of 10 to lOOJ/cm' is thereby gcnemted. In another 
embodiment, the flashlamp is located in a housinK U.at includes a tmnsparem window and the 
energy is reflected through the window and directed through the gel to the tts.sue. In yet 
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auother altenuitive embodiment, th« angular divergence of the electromagnetic energy is 
selected to deteimme the dfipth of peneirdiloii into the tissue, and to detemiinp. the coupling to 
the hair and to the hair folUcle.. Also, each step of the method may be repeated usiUB at least 
two different angular divergences, whereby at lea^ two depths of peucu-atlon arc obtained. 

lu another alternative embodiment, the elcciromagnclic energy is filtered, liie filtering " 
call be dene in accordance with the piementstion level of the treated tissue. Alternatively, 
filtering may include fUtering some or all of Uie energy that has a wavelength of \ess than 

550 nm and greater than 1300 luii. 

In anoQia alternative embodiment pulses produced have a widdi of less than 20Qms6c. 
Tlic delay between pulses may be on the order of 10 to 100 uisec. Also, the area of the energy 
at the tissue can be large, for example more than two square centimeters. Ths energy may be 
incoherent, sach. as that produced by a flashlamp for example, or coheiejir, stich as that 
produced by a laser, foi example. 

Jn accordance with another aspect of thft invention, an appaiaius for removing hair 
from an area of tissue that has more than one hair includes a source of pulsed electromagnetic 
energy, A gel is disposed on the surface of the tissue such that the gel cools the tissue biir is 
not adjacent, and doe.? not cool, the hair follicle. A coupler is disposed betwe^Ji the .-ajUTCe 
and the surface to couple tlic energy to the surface. 

In one aUcinativc embodimem, the source is a pulsed fiashlamp that generates pulses 
Imvuiti an energy flucnce on the order of 10 to lOOJ/cm». In anothei alternative, the flashlamp 
is located in a housing that inr.Indes a transparent wuidow and a reflective interior. In yet 
another alternative emhodimeni the shape of the coupler determines the angular divergence of 
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the dectiomagiietic pjiergy. which delcnnmcs the depth of penetration of the energy taio tlic 
tissue, and detennlnes the coupling to the hoir and to the haii follicles. The appsmius may 
include a band-pass filter disposed between the source and the surface In one alternative the 
band-pass filter passes energy having a wavelength of between SSOran and ISOOnm. The 
souice^may be a source of incoherent cneiRy, or a source of coherent energy, such as a laser, 
for example. 

Brief Description of the Dro^vings 

For a better understanding ot the invention, reference Is made to the accompanying 
drawings, in which like numftrals designate coirespondmg elements or sections throughout, 
and in wliich: 

Figure 1 is a uoss-sectional view of an incoherent, pulsed light source sWn ircalment 

device; 

Figure 2 is a side view of the light source of Figure 1; 

Figure 3 is a schematic diagram of a pulse forming network with a variable pulse 
width for use with the sldn ircaunent device of Rgures 1 and 2; 

Figure 4 is a cioss-sectionol view of a coupler for coupling Ughi from a toroidal flash 
tube into an optical fiber with a conical edge; 

Hgure 5 is a side vip.w of a toroidal flash lube; 

Figure 6 is a top view of a toroidal flash tube; 

bjgiire 7 shows the geometry for coupling into a conical section; 

Figure Zhi. cross-scctional view of a coupler for coupling light from a toroidal flash 
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tube into an optical fiber widi a flat edge; 

Figure 9 Is a front sectional view of a coupler for coupling Uglit from a linear flash 

tube iiilo a circular fiber bundle; 

Figure 10 is a side sectional view of die coupler of Figure 9; 
Jigure 1 1 is a front view of a coupler for coupling Ught from a linear flasli lube into 

an optical fiben 

FiRuie 12 is a front view of a coupler for coupling Ufilil from a linear flash tube into a 
doped optical fiber, 

Figure 13 is a schematic conflguratiou of a gel sldn interface with a transparent plaie; 

Figure 14 shows an angulai- distribution of photons penetrating without using a gel; 

Figure 15 shows a Ught guide providing a large ang'i'ar divergence; 

Figure 16 shows a light guide providing a naiiow angulai divergence; 

Figure 17 shows a spectra produced witii a flashlamp current of 200 amps; and 

Figure 18 shows a specffa produced widi a flashlamp current of 200 amps; and 

Figure 19 shows a GTO driver circuit for a flashlamp. 

Figure 20 is a schematic drawing of a cfoss section of a hair follicle in the dcnnis and 
a gel applied to the epidermis in accordance with the prcseni invention; 
Figure 21 is a graph showing the opdcal properties of the skin; 
Figure 12 is a side view of a hair removal apparatus constructe/1 in accordance with 

the prftsent invention; 

Figure 23 is a front view of a hair removal apparatus coiisuuctcd in accordance with 

the present invention; 
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Figure 24 Is a Oivcrgent coupler such as one med in the prescni invention; and 
FiKuie 25 is a non divergent coupler such as one u:*ed in the present invention. 



CL U (C Dctafled Description of the Invenlion and the Preferred Embodiments 

''Hefore explainin» at least one embodiment of the invention in deiaU it is to be 
understood thai the invention is not limited in its appUcarion lu the details of eonstnictlon and 
die airangcmcnt of the componen« set forth in the foUowing description or illustrated in the 
drawings. The invention is capable of oUiei embodiments or of being practiced or caiiled out 
in various ways. Also, it Is lo be understood that the phiaseolngy and tenniiioloRy employed 
herein is for the purpose of description and should not bp. regarded as liiiiiiing. 

Referring now to Figures 1 and 7. cioss-sectional and side views of on incoherent, 
puked Ught source skin treatment device 10 constructed and operated in accordance with the 
principles of the presejit invention are sdiown. The device 10 may be sei».n to include a 
housing 12. having an opening ilierein, a handle 13 (Figure 7 only), a Ught somce U having 
an outer glass tube 15. an elliptical rcHector 16. a set of optical filters 18. an iris 20 and a 

detector 22 (Figure 1 only). 

Light source 14, which is mounted in housing 12, may be a typical incoherent light 
source such as a gas filled linear flaslilamp Model No. L5568 available from ILC Tlie 
spf'.ctnim of light emitted by gas filled linear flashlamp 14 depends on current density, type of 
glass envelope material and gas nuxture used in the tube. For brRe current densities (e.g.. 
3000 A/Cm* or more) the sper.tnim is similar to a black body radiation spectnim. Typically, 
most of the energy is emitted in die 300 to 1000 nm wavelength range.. 
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To treat a skin (or visible) disorder a required light density on the skin mm he 
delivered. This light density ean be achieved with the fociisine arrangement shown in Rgures 
1 and 2. Figure 1 shows a cross-sftr,rinn view of reflector 16. alsy mounted in housing 12. As 
shown in Figure 1, the cross-section Of reflector 16 m a plane is perpendicular to the axis of 
flasUamp 14 is an ellipse. Linear flaahlamp 14 is located at one focus of the ellipse and 
refleclui 16 is positioned in such a way that the treatment areJ» nf skin 21 is located at the 
other focus. The arrangement shown is similar to focusing arrangements used widi lasers and 
efficiently couples light from flashlamp 14 to the skin. Tlils arrangement should not, however, 
be ronsidered limiting. Elliptical reflector IC may be a metallic reflector, typically polished 
aluminum which is; an easily machinable reflector and has a very high reflectivity in the 
vjbible, and the UV range of the spectrum can be used. Other bare or coated metals can also 
be used for this purpose. 

Optical and neutral density filters 18 are mounted in huusiag 12 near the treatment 
area and may be moved into the beam oi out of the beam to control the spectrum and 
intensity of the light. Typically, 50 to 100 nm bandwidth filters, as well as low cutoff filters 
in the visible and ultraviolet portions of the spectrum, are used. In some pror.ftrfnres it is 
desirable to use most of the spectrum, with only The UV ponion being cut off. In oUici 
applications, mainly thr deeper penetration. It Is preferable lu use narrower bandwidths. Tlie 
bandwidth Alters and the cutuff fiUciS arc readily available commercially. 

Glass tube 15 is located coaxially with flashlamp 14 and has fluorescent material 
deposited on it. Glass tube 15 will typically be used for treatment of coagulation of blood 
vessels to optimize the energy etticiency of device 10. The fluoresicciii aiateiial can be chosen 
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10 absorb the UV portion of the spectnim of flashlamp 14 aiiJ generate Hght in the 500 to 
650 nm range that is opHmlzed for absoipiiou iii the blood. Similor niaterials are coated on 
the inner walls of commeicial fluorescent lamps. A typical material used to generate "wann" 
white light in fluorcsceiu lamps has a conversion efficiency of 80%. has a peak emissioii 
wavelengUi of 570 nm and has a bandwidth of 7(1 nm and is useful for absorption in blood. 
The few millisecond decay time, of these phosphors is consistent with long pulses that axe 
required for the treatmeni of blood vessels. 

Other shapes oi configurations of flashlamp U such as circular, helical, short arc and 
multiple liiiKu- flashlamps may be used. Reflector 1 6 may have other designs such as 
paiaboUc or circular reflectors. The Ught source can also be used without a reflector and the 
required energy and power density may be achieved by locating Ught source 14 in close 
proximity to the ireatmem area. 

Iris 20 is mourned in housing 12 between optical filters 18 and the treatmeni area and 
controls the lenaUi and the width of the e.xposed area, i e. hy collimating the output of 
fiaslilmiip 14. The length of flashlamp 14 controls the maximum lenKdi that can be exposed. 
TypicaUy an 8 cm long (arc length) tube will be used and only the central 5 em of the tube is 
exposed. Using the central 3 cm assuics a high degree of uniformity of energy density in the 
erposftd skin area. Thus; in iliis embodiment the iris 20 (also called a collimator) wUl enable 
exposure of sldii areas of a maximum length of 5 cm. 'Ihe iris 20 may be closed to provide a 
minimum catposure length of one millimeter. Similarly, the wlUdi of the exposed skin area can 
be controlled in the range of 1 to 3 mm for a 5 mm wide flashlamp. Larger exposed arpsw 
can be easily achieved by using longer flash tubes or multiple nibes, and .smaller eaqjosure 
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areas are obtainable with an iris that more completdy collimates the beam. The present 
iuvcntion provides a larger exposure area cnmpared to prior ait laiwis or point sources and is 
vciy effective in the coagulation of blood vessels since blood flow interruption over a longer 
section of thft vessel is more effccUve in coagulating it. The larger area exposed 
amujjaneously also reduces the required procedure time. 

Detector 22 (Figure 1) is mounted outslHe housing 12 and mouiiors the light reflected 
from the skin. Detector 22 combined with optical filters 18 and neutral density filters can be 
used to achieve a rpiick estimate of tlic spectral reflection ond absorption coefficiftnts of the 
skin. This may be catiied out at a low energy density level prior to the application of the 
main treatmenl pulse. Measurement of the optical propftfties of the sWn prior tu the 
application of the main pulse is useftil to determine optimal ucamient conditions. As stated 
above, the wide spectnmi ot the light emlned from llie non-laser type source enables 
investigation ot The skin over a wide spectral range and choice of optimal treatment 
wavelengths. 

In an allcinative embodiment, detector 22 or a second detector system may be used for 
leal-tiiiie temperature measurement of the skin during its exposure to ilie pulsed light source. 
This is useful for skin thermolysis applications with long pulses in which light is absorbed in 
the epidermis and dftTmi.s. When the external portion of the cpidoimis reaches too high a 
temperature, permanent scaiiing of the skin may result. Thus, the temperature of the skIn 
should be measured. This can be realized using infta-red emission of the healed skin, to 
prevent over exposure. 

A typical rftal-time detector system would measure the infra red emission of the skin 
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at two specific wavelengths by using twu detectors and fflters. TTie latio between the signals 
of the two deteaors can be used to estimate the insiantancmis skin temperalure. The opcmtion 
of the. pulsed Ughi source can be stopped if a pre^erted skin temperdlure is leaehcxi. This 
measuremeut is relatively easy since the tMnpeiature thresliold for pulsed heating, that may 
catxse^ seairing is on the order of 50*0 or more, which is easay measurable uidng infia- 
red emission. 

•Ihe depth of heal penetration depends on the Ught absorprion and jiwuering in the 
different layeis of the skin ond the thermal properties of the skin. Another importnnt 
paiametcr is pulse width. For a pwlsed Ugh source, die energy of which is absorbed in an 
infmitesimally thin layer, the depth of heal penetration (d) by thermal eondurtivity during the 
pulse can be. written as shown m Equation 1: 



d-1[kAt/Cp]»'» (Eq- 1) 
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whcre^k« heat ccndnrHvity of the materidl being illuminoted; 
At - the pulse-widtli of the light pulse; 
C = the heal capacity of the material; 
p « dejisity of the material. 

^ It is clear from Equation 1 that the deplli of heat penetration can be controlled by the 

pul$e.width of the light source. Uus, a variation of pulse-width in the range of 10* sec to IC 
' sec will result in a variation in the thermal penetration by a factor of 100. 
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Accordingly, the flashlamp 14 provides a puke width of from lCr» sec to Iff' For 
treatment of vascular disordftts in which coaftulation of Mood vessels in the. sWn is the 
objective the piil.«t length is chosen to unifcmdy heat as much of the entire ihlclau««.- of the 
ve*<«l as possible to achieve efficient coagulation. IVpical blood vessels that need to be 
treated in the skin have thicknesses in the rangp. of 0.5 mm. Hius. the optimal pulse-width, 
taking into account the themud properties of blood, is on the order of 100 msec If shorter 
pulses ore used, heat will still be conducted through the blood to cause «>.Eiilaiion. however, 
the instantaneous temperaiure of paii of the blood in the vessel and surroundUig tissue wlU be 
highftr than the temperature required for coagulation «nd may cause unwanted damage. 

For treatment of external skin disorders in which evaporation of the skin is the 
objective, a very short pulse-width is usfed to provide for v«y shallow thermal pmiRtration Of 
the skin. For example, a iO * sec pulse will penetrate (by thermal conriuctiviiy) a depth of the 
.order of otdy 5 microns into the skin. Thus, only a thin layer of skin is heated, and a very 
high, instantaneous temperature is obtained so that the extemal iiiaik on the skin is 
evapordied. 

Figure 3 shows a variable pulse-width pulse forming circuit comprised of a plurality of 
individual pulse forming networks (PFN's) that create the variation in pulse widths of 
flashlamp 14. The light pulse full width at half maximum (^•WHM) of a flashlamp driven by 
a single element PFN with capacitance.C and inductanrp. L is approximately equal ^ 



to: 



^ At " 2[LC]"* CEq. 2) 
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n^lUmvp 14 may be driven by three different PFN's. as shown in Figure 3. -Die mlay 
contacts Rl', R2' and R3' are used to select among three capacitors CI. C2 and C3 that are 
charged by the high voltage power supply. Relays Rl. R2 and R3 are used to select J* PFN 
that Will, be connected lo flashlamp 14. TTie high voltage switches SI. S2 and S3 arc used to 
discharge the eucigy stored b the capacitor of the PFN Into flasWamp 14. In one embodiment 
LU L2 and L3 have values of 100 m.H. 1 mH and 5 uiH, respectively, and CI. C2 and C2 
have values of 100 mF, 1 mK and 10 mP. respectively. 

■ In addition to the possibiUly of firing each PFN separately, which generates Uie basic 
vaiiaWlity in pulse-width, additional variation can be achieved by firing PFN's sequentially. 
If. for example, two PFN's having pulse-width M\ and At2 are fued, so that the second PFN 
is rued after the fust pulse has derayed to half of Us amplitude, then an effective light pulse- 
width of this operation Of the system wiU be given by the relation: At - AU * Al2. 

•Itie charging power supply typically has a voltage range of 500 V lo 5 kV. The relays 
should therefore be liigh voltage relays that can isolate these volwges lellably. The switches S 
are capable of carrying the current of flashlamp 14 and to Uolate the reverse high voltage 
generated if the PFNs are sequentially fired. Solid-state switches, vacuum switches or gas 

switches ean be used tor this purpose. 

A simmer power supply (not shown in Figure 3) may be used to keep the flashlamp in 
9 low current conducting mode. Other configurations C4>n be used to achieve pulse-width 
variation, sudi as the use of a single PFN and a crowbar switdi, or use of a switch with 
closing and opening capabilities. 
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TypIcaUy, for operation of nashlamp 14 with an electrical pulse-width of 1 to 10msec, 
a linciu electrical energy density ininit of 100 TO 300 J/cni can be «ed. An energy density of 
30 to 100 J/cm» can be achieved on the skui for a typical flasUamp bore diamMW of 5 mm. 
The use of a MK) to 650 lun bandwidth transmits 20% of the incid^ni energy. Thus, encigy 
rtftnsities on the skin of 6 to 20 J/cm» are achieved. ThR incorporation uf die fluorescent 
material will farther extend the output radiation in the desired rdjiRe, enabling the same 
exposure of the skin with a lower energy input iiuu Ilashlamp 14. 

Pulsed laser skin treatment shows that energy densities in the range of 0.5 to 10 J/cm' 
with pulse-widths in the range uf 0.5 msec are generally effective for treating vascular related 
skin <li.snrders. This range of parameters falls in the range of operation of pulsed non-laser 
type light sources such as the linear flashlamp. A few steps of ncuual density glass fUters 18 
can also be used to control the energy density on the skin. 

For external disorders a typical pulse-width of 5 microsecond is uswt- A 20 J/cm 
electrir.al energy density input into a 5 mm bore nashlamp results in an eneigy density on the 
skin of 10 J/cm\ Cutting off the hard UV portion of the spectruui results in 00% energy 
transmission, or skin e;;posure to an energy density of close to 10 J/cm^ TWs energy density 
is high enough to evaporate external marks on the skin. 

Device 10 can be provided as iwo units: a lightweight unit lield by a physician usuig 
h^inrilft 13, with the iuuid-hcld unit containing flashlamp 14, filters 18 and iiis 20 that together 
control the spectrum and die si2e of the exposp.d area and the detectors tliat measure the 
/reflectivity and the instantaneous skin lempenituic. The power supply, the PFN's and the 
electrical controls are contained in a sepatate box (not shown) that is connected to the hand- 
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heU unit via a flexible cable. This enables ease uf operation and easy access to the areas of 

the akin that need to he. treated. 

1-he invcnUon has thus far been described in eoiyunction wiUi skin treatment 
However, usiiij; a flashlamp rather than a la.^ in Invasive ueatments provides advantages as 
weU,?rocedurc3 such as lithotriiiio' or removal of blood vessel blockage may be peifonned 
with a flashlamp. Such a device may be similar to that shown in Figure i and 2, and uiay 
use tlie electronics of Figure 3 to produce the flash. However, to properly couple the Ught to 
an r^ptical fiber a nuu^bcr of couplers 40. 80 and 90 are shown iii Figures 4 and 8-10, 
respectively. 

Coupler 40 includes an optical source of high intensity incoherent and isotropic pulsed 
Ught such as a linear flash tube 42. a li«hi leflector 44 which delivers the light energy to m 
optical fiber 46. Itie latter has a gencraUy conical edge in the. embodiment of FiRure 4. 
OpMcal fiber 46 trdiisfers the Ught from light collection system 44 lo die treatment area. In 
general, coupler 40 couples pulsed light from a flash tube Into an optical fiber and has 
applications in medical, industrial and domestic aicas. 

For e.xample. coupler 40 may be used in material processing to rapidly heat or ablate a 
portion of a material beiux processed, or to induce a photoK:hemical process. Alternatively, 
coupler 40 may be used in a photography application to provide a flash for picture taking. 
Usmg such a coupler would allow the flash bulb to be located inside the camera, with the 
Ught transmitted to outside the camera usiuR an optical fiber. As one skilled in the an should 
recognize cotipler 40 aUows Uie use of incoherent Ught in many applications lliat coherent or 
incoherent Ught has been used in the past. 
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To provirift for coupling the lighl lo an optical fiber, flash tube 42 has a toroidal shapR, 
showfl in Figures 5 and 6, and U disposed inside reflector 44. In addition to the toroidal shape 
other shapes, such as a continuous helix, may be used for flash tube 42. However, a helical 
lube is more difficult to manufacture than a toroidal tube. RcfeninK now to Figure 6, flash 
tube 42 is generally in the shape of a touis. but is not a perfect touis since the electrodes 
located at the end of the lows have to be connected to the power source. "Ihiss does not create 
a significant disiuibancc in the circular shape of flash tube 42, .since the connection to ilic 
elccuxxles can be made quite smalL 

Reflector 44 collects and concentrates the light, and has a cross-section of substantially 
an eUipse, in a plane peTpendicular to the miiioi axis of the toroidal flash tube 42. The major 
axis of this eUipse preferably forms a sjnaU angle with the major axis of toroidal lamp 42. 
The exact value of die angle between the ellipse a-\is and the main axis of lamp 42 depends 
ou Ihc Numerical Aperture (NA) of the optical fiber. The toroidal flash lubc is positioned so 
that its minor o;cis coincides with the tncu.s of the ellipse. The odier focus of the cUipse is at 
the edge of optical fibex 46. Reflector 44 may be machined from metal with the inner 
surfaces polished for good reflectivity. Aluminum is a very good reflector with high 
reflectivity in the visible and ultraviolet wavelengths, and it may bft naeA for this purpose. 
The reflectoi can be machined in one piece and then cnt along a surface perpendicular to the 
main axis of the device. This wiU enahle integration of the lowidal flash tube into the device. 

As shown in Hgure 4, the edge of optical fiber 46 is a cone with a small opening 
angle, so that the total area of the fiber exposed to the Ught from the flash tube is increased. 
Refeixing now to Figure 7 the geometry for coupling Ught into a conical lip is shown, II is 
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ossumed here that thft light comes ftoni a region in space with a refractive index of n and that 
the conica I section of the fibci (as wdl as the rest of the fiber cot«J has a refractive iudw of 
nl. 

Not aU the light lays hitting the cone are trapped h\ it. Tor Ught rays that propagate in 
a plfine that contains the major axis of the system, a condition can be derived for the angle of 
a ray that will be trapped and absorbed in the fiber. This condition is shown in 
Equation 3. 



f Sin - Ca<!(P) - In,W ■ 11"* Sin(P) (Eq- 3) 



f .1 .ight will be trapped in the conical portion of the optical fiber If the Incidence angle 
\i is larger than ji^. calculated from Equation 3 'Itapping Is possible only if nl>n2. If the 
medium outside of the fiber is air, nt=l . 

Not all of the trappeH in the conical sccUon of the fiber will also be trappfld in 
the straight portion of the fiber If a fiber wilh a core and a cladding is used. If a fiber with a 
core and no cladriing is used (aix cladding), then aU the rays capturwi in the conical section 
ot the fiber will also be trapped in the straight section of the fiber. 

Tlie configuration shown in Figure. A can also be used wilh a fluid filling the volume 
between the reflector and the optical fiber. A very convenient fluid for this purpose may be 

m 

water. Water is also very effective ui cooling the flashlamp if high rcpfttitinn rate pulses aie 
us*H. The presence of a fluid reduces the losses that are associated with glass to air 
transitions, such as the transition between the flashlamp envelope material and air. 
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If . nuid is used in the leflector volume, then iis ic&activc index caq be chosan Mich that aU 
the my, tmpped in the conical seaion arc also trapped in the fiber, even if core/claddi«R 
fibers aie used. 

Another way of configuring the fiber in the refiecior is by using a fiber witha flat 
edge. Ihi. configuxation is shown in Kiguie 8 and ha. trapping efficiency very clo«. to (he 
capping efficiency of the conical edge. Maai, other shapes of the fiber eriee. such as sphcxlcal 
shapes, can also he used. The cuiifiguration of the fiber edge also has an effect on the 
distribution of the li^lu on the exit «de of the fibe.r and It can be chosen in accordance with 
the specific application of the device. 

The device may be used with a variety of optical fibers. Single, or a mimber of 
^mimcter or .ub-nulli.meter diameter fiber,. wiU typically be used in invasive medical 
appUcations. In other appUcadons. particularly in industrial «nd domestic upplications, it may 
be preferable to a fiber having a larger diameter, or a lar^e. bundle of fibers, or a Ught 
guide. 

According to one embodiment fiexible Oi rigid Ught guides are used to couple tlie Ught 
to the treatment area. Rexible Ught guide, made from a bundle of quartz or other gla^s fibers 
Aat arc fused together by heat at the edge of the bundles. TTie bundles may be circular, 
rectangular, or any other useful shape. Rigid light guides may be made Horn quaxtz. acryUc. 
glass, or other materials having a high degree of transparency. Ihe material is geneiaUy 

highly polished on all sides. 

A typical crtxss section of a circular Ught guide useful tor therapeutic uratment is one 
mm to ten mm in diameter. Alternatively, a rectangular light guide iimy be used having 
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lyplcal Uimensions of 3 mm by 10 mm to M) mm by 100 nun. Iii either case the length may 
be 20 to 300 mm, or as needftd for the Specific aypllcation. 

According to another aliematlvc embodiment a rectangular light guidft is used to more 
efficiently couple the Ughi. Tlie rectangular Kght guide is chosen to have a shape that matches 
a rea^ngular linear flashlamp and to match the shape of the vessel beingucated. 

The light guides described above may be used in anotlici alternative embodiment to 
control the spectrum of light deUvcred to the Ucaimcnt area. Spectral control can bft achieved 
by making the liglrtguide fiom a material that had an absorbing dye dissolved iheiein. Tlius, 
Jight transmitted by Qie light guide wiD have a spectrum in as deteimlned by die absorbing 
dye. Altciiiativcly, a flat, discrete filter may hft added to one end (pieferably the input end) of 
the Ught guide. Both of these filtftrs are'absorbing fillcis. The inventors have found that 
absorbing filters produced by Schou, haviiig Model Nos. 0G51S. OG550. OG'?70. and 
OC3590 have suitable cluuacteristics. 

Additionally, interference filters or reflective coatings on the light Ruide may be used 
by applying a proper optical coating to thft tight guide. Again, a single discrete interference 
filter could also be used. Additionally, comblnaiions of ilie various filters described herein, or 
other filters, may be used. TJift use of the fdters described here may render the use of th« 
filters described ftarlier with reference lo Figure 1 redundant. 

An alternative embodiment cntaib the use of application .specific light guides. In this 
way the speara of light for various treatments can be easily controlled. According to this 
alternative each type of treatment will be perforaicd with a specific light guide. 

" The optical properties of the lijilu guide will be chosen to optimize the. particular 






ueatmait. The wavelengths below arr. particularly useful fu. ihe icspcctivc ueatmente: 



arteries less than 0.1 mm in diamelci - 520-650 nm 
veins le.« than 0.1 mm in diameter - 520-700 nm 
vessels between 0.1 and 1.0 mm in diameter - 550-10(.Ml nm 
largei- vessels - 600 1000 wn 

In each if the Skin is daiker (higher pigmeniation) longer wavpjftngths on the 
lowex nit-off ponion of tlic spectrum should be used. 

Multiple spectra may be used for optimal pftnetration. TWs may U accomplished by 
iUuminating with a few pukes. «.ch having a different spectrum. For example, the first puL^-. 
can have a spectrum that is highly absorbed in blood. This pulse will coagulate the blood, 
thrxfthy changing tiic opdcal properties of the blood, making it more absorbing in aiiulher 
wavelength range (pieferably longer). A second pulse will he more efficiently absorbed since 
the blood absorbs energy of a greater wavelftngth range. This principle may be used with 

lasers or other light sources as well. 

In addition to the features of the lighi guides discussed above, a Ughi giiirte is used, in 
one alternative embodiment, to cuui.ol the angular distribution of the light r«y.9 impinging on 
thft sidn. Light that impinge, on the skin at large angles (relative to the perpendicular) will 
not peneu-dlc very deeply into the tissue. ConversHy. light that impinges pcpendicularly to 
the skin wiU have a deeper perifttratlon. Thus, it is desiiable to provide o distribution of Ught 
rays that has a ralatively wide angular divergence when the treatment requires shallow 
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penetration. Alternatively, a nairow divergence is preferable for treatment requinng deep 
pcnetntion is de^r^A. Some ireamicat might require both shallow ,nd deep peneoatiou. 

Hijnire 15 shows a liglit guide 115 having an exit beam with a greater angular 
divergence Utaii that of the entrance beam. As shown In HRU.e 15. a beam 116 enters light 
guide.! 15 at a small angle, re..ative to the axi. of light guide 115. When beam 501 exits light 
guide 115. the angle, relative to the axis, is much greater, m tapered shapft of light guide 

115 enhances this divergence. 

Figure 16 shows a sualght light guide 1 18 that maintains the angulai distribution of 
the rays of Ur1.1 dut enter into it. A beam 119 is shown enterii.g and exiting Ught guide 118 
wiUi tlie same angle, relative to th. axis of coupler 601. Alternate use of both Ught gtiides 
115 and 118 can achieve the narrow and deep penetration discussed above. Aliemailvely. die 
user can seJ.rt the type of coupler according to the depth of penetration needed for 

the treatment being performed. 

Figures 9 and 10 show a coupler 90 for coupluig a linear flash tube 92 through a 
liTicar to circular fiber transfer unit 94 to a fibei bundle 96. A reflector 98 has an elUptical 
cross-section, shown m Figure 10, in a plane parallel to the axis of linear flash mbe 92 iii thi5 
embodimp.nt. TMbe 92 Is located on one focus of the ellipse. whUe the linear .ide of linear to 
circular bundle converter is located at the other thcus of the ellipse. TOs configumtion is 
reladvcly simple to manufacture and commercially available linear to circular converters .^ich 
as 25-004-* available from General Fiber Optics may be used. TTiis configuration is 
particularly useful for larger exposuie areas of the fiber, or for flash illumination purposes. 

The energy and power densities that can be achiwed by this InvenUou are high 
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enough to get the desired effects in surface treatment or medical appUuiUons. Tor the 
embodiuicat shovm in Rgure 4 the tokl ene.rgy and power den«Ue« c^n be estimated as 
foUows. For a typical toroid.l lamp with a 4 nun boic diameter and a major diameter of 3.3 
cm an electric! linear energy d«i.iiy input of 10 J/cm into the lamp r^n he used with a 5 ^ 
se^. p-alse width. The Ught output of the lamp will be 5 to 6 J/cm for optimal electrical 
operating u^nditions. For the reflector .hown in Figure 4. 50% of die Ught generated in the 
lamp will reach the lower focus. Ihus. a total energy flux on the focus of 25 to 30 J may be. 
obtained. For embodiments shown in Hgure 4 or Figure 8 the total cros^ection area of 
.reflector at the fo«.l plane has a cru.«-section of 0.8 cm^ Energy densitia. on the order of 30 
to 40 J/cm' at the entrance lo the fiber should be attained with This cross-secilon. Tliis 
corresponds to power densities of 5 to 10 MW/cm». which are the typical power densities 
used in medical or material processinE applications. 

For longer puls«. higher linear elecuical energy densities into the lamp can be used. 
For a 1 rose^ pulse to the flarfi mbe a linear electrical energy density of 100 J/cm «ux be 
n.«..d. The corresponding energy density at the focal are. would be up to 300 J/cml Such 
energy densities are very effective in industrial cleaning and processing applications as well 

as in medical applications. 

Alternative «mhodiments for coupling the optical fiber to an extended light source 
^ « a linear flashlamp axe shown in Hgures 11 and 12. In the. embodiment of FiKu.e 11 
an optical fibei 101 is wound around a lamp 102 and a lamp envelope 103. Some of the light 
dat is produced by the light source is coupled into the fibci. If the light mys are propagating 
in the direction that is trapped by the fiber tlieu tlus Ught wUl propagate in the fiber and it 
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can be used at a fiber oirtpnt 104. One limltailon of this coiiRguration is the fact that most of 
thft light emilied by lamp 103 uavels in a direction perpendicular to the wrface of lamp 
and cannot be iiapped in fiber 101. 

The embodiment ehown in Figure 12 overcomes this problem. A doped optical fiber 
lOS is wound around lamp 102 and envelope 103, rather Uian an undoped fiber such as fiber 
101 of Figure 11. 'Cht dopant is a fluorescenl maiaial which is excited by the radiation 
emanating ftom lamp 102 and radiates Ught inside the fiber. This light is radiateH 
oiraiidireclionally and the part of it that is within the critical angle of fiber 105 is trapped and 
propagates through the fiber and can be used at fiber output 104. The angle of UbIu Uiat is 
trapped in the fiber is the critical angle of the material from wldcli die optical fiber or optical 
wave guide is made. For a fiber (or optical wave guide) in air this angle is given by sin o = 
l/n. 

Typically for glass or other transparent materials n = 1 .S and a = 41.8°. This 
corresponds to a trapping efficiency of more than 10% of ll:e light emined by fiuorcscence 
inside the fiber. If we assume a .10% efficiency of the fiuoresccnce process- we find out that 
more than 5% of the light produced by the lamp is trapped and propagated down the fiber. 
For example, a 4' lamp with a linear electrical energy input of 300 J/inch and 50% electrical 
to lijiUl conveision efficiency would couple 2.5% of its electiiral energy into the fiber. Tliis 
coiTcsponds, for the 4" lamp case to a total light energy of 30 J of Uglil. Hiis embodiment 
has the additional advantage of transferring the wavelciislli emitted by the lamp to a 
wavelength that may be more useful in some of the therapeutic or processing applications 
menrioiied before. Hius, fluorescent material doped in the fiber can be cho.«?en in accordance 
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with an emissioa >*-avclcngth detennined by the. specific applicaUon of the device. 

One alternative cmbodijnftnt includes the use of a gel to couple the Ught to the sWn. 
This alternative reduce... heatinc of tlic outer layer of the sHn (the epidennis and upper hycrs 
of the dermis). The gel is viefciably a high viscosity water ha-sed gel and i. applied to the 
skin bsifore neauneiit, although other gels that a«t not necessarily water based may be used. A 
gel Lavii\g a relatively high heat capacity and thennal conductivity, such as a water base/i gel. 
is preferable to enable cooling of the oui« skin (the epidemus in particular). Transparency b 
also desirable be.cause during trc-unent Ught passes through the. transparent gel cud reaches 
thft skin. 

Refeiring now to Figure 13. a gel 1 10 is applied to the .kin 21 prior to the treatment. 
A nai layer of gel on top of the skin is .«e.d since Irregulauties in the upper layer of the gP-l 
through which the Ught passe., may cause scaiiciing of the light and reduce ir. penetration 
into the sWn. In order to achieve this flatness a solid, transparent, flat piece 111 may be 
applied on top of the .khi. The configuration is shown schemaiically in Figure 13. The 
tran.^eni plate can be made out of glass or other tran^areni material.. Either the flashlamp 
housing ot die light guides discussed above, may be placed in direct contact with the 
transparent plate. 

The contisuraiion of Figuie 13 has the advantage of reducing the scatterinK of light 
(represented by arrow. 1 13) that enters into the skin due to iiregularitie. in the surface of the 
skin. The skiii lias an index of refraction that is larger than thai of die air. As a result, any 
photon that impinges on the air skin interface Is deflected if it does not hh the skin at an 
incidence angle of 0'. Since the surface of the skin is irregular the angular distribution of the 
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ekin increases. 'J-his is shown schcinaticaUy in Figure 14. 

•Ihe use of gel addresses this problem since the gfti can fiU irregular voids that axe 
created by Uic sWn structure. Tlie transparent plate that covers die gel and the gel itself will 
pieferably have an index of refrsriion that is close lo that of the skin. TTiis ia relatively «i57 
Bince the index of re&aciion of Uic skbi is of the order of 1.4 in the. visible and the near 
inftared.- Most glasses and transparent plastics have indiCA<5 of refraction thai aie of the order 
of 1.5 which is close enough. TTie index of refraction Of water is of the order of 1.31 in this 
range. Water based gels wiU have similar indices of fefiacUon. TTic index can be increased by 
proper additives. Tie plaf e and gel thus acl as a flat surface for the light to impinge upon. 
Because the gei and plate have an index of refraction close to that of the sMn there b very 
Uttte scattering at the jjcl-plate and gel plan interfaces. 

The use of a gel has been experimenwlly .-successful in ihe treatment of leg veins and 
othei- benign vascular lesions of the sWn. TTie treaimenls were carried out with the flashlamp 
described obove. However, in alternative embodiments a different incoherent sourcft, or a 

coherent source, may be n.sed. 

During operation light is lypically applied to the skin in a sequence of three |«lscs 
with short delays between the pulses. This mode of operation Is used in order to take 
advantage of the fester cooling of the .superficial, thin Cess than 0.1 mm thick) epidermis 
compoied to the larger and deeper vessels typical of leg veins. The gel in contact with the 
skin cools the ftpideimis during die waiting period between the pulses. This cooUiir leduces 
significantly the dauiagc to the epidermis. 

Ill accordance with the invention, light is applied to the treated area in either a long 
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pulsp. or in a sequence of pulses scporated by a delay. 'Ilie delay and/or pulse length is 

preferably ooiUxoUed by the opentor to provide enough heat to accomplish the deoied 

ueatmcat but not enough heat to damage the skin. 

TWs conr^Tt was tested wiiU large and deep vessels (of the nrder of 2 mm to diameter 

and 2..mm deep). A Oun layer of commercial water baspxi ultrasound gel (1 to 2 mm thick, 
-Aqua clear- feel made by Parker USA) ^vas applied on the skui. A 1mm thin gloss window 
was used to gcneiate a fUt layer of the gel. THe lisUt from the device passed through the thin 
glass and the gel and into the sldn. Care was taken to assure than no air hubbies exist in Uie 
gel. This configuration wa:^ tested with photon fluences of '^O to 50 J/cm'. Coa»ulation and 
clearance of the vessels was obtained without causing damage to Uic skin. TTiis is contrary to 
similar trials in which gel was not used-^nd in which fluenccs of 20J/cm: with the same pulse- 

structure caused bums of the skin. 

The epidermis has a thickness of approximately 0.1 mm and a cooling time of about 5 

msec. Thus, to avoid burning delays greater than 5 msec are usftd. 

Tn another alternative embodiment the spectrum of the light used fui treatment is 
controlled by controlling the voltage and/or current applied to the flashlamp. As is well 
known in the art, the spectrum of light produced by a flaslUamp is dependent on the voltagft 
and cuixem provided to the flashlamp. Acco.ding to this embodiment the input voltage and 
current is selected to provide a desired treatment spectrum. The appropriate voltage and 
currents may be determined experimentally for each flashiamp used. 

Vox example, a flashlamp cuireni of 200 amps produced the spectra shown in Figiire 
17. Similarly, the spectra of Figure 18 was produced using a flashlamp cunent of 380 amps. 
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The spectra of Hgure 17 shows a dgnincaiii enhancement in the wavelength range of 800- 
1000 nm. Such a spectra Is paiiiculaily usefiil for treatment of large vessels. 

•nut rtifferem cuircuis and voltages used to control the output specua may be obtained 
using a group or bank of capacitors that are capable of being coimected in cither series or 
paMd as part of the power source, for the flashlainv. A series comiection wUl provide a 
relatively high voltage «tid high cuneni, Uicreby producing a spectra having energy in a 
shorter wavelength, such as 500^00 nm. Such a series connection wiU be more appropriate 
for generating shortei pulses (1 to 10 msec, e.g.) useful for treatment of smaller vessels. 

A parallel connection provides a lower current and voltage, and thus produces an 
output spectra of a longer wavelength, such as 700-1000 nm. Such a spectra is more 
appropriate for treatment of larger ve«>ejs and is suitable for producing longer pulses (in ihe 
range of 10-50 msec, e.j*.). The selection of eeries or parallel connections may be done using 

a relay or sets of relays. 

Li one alternative embodiment the pulse forming network of Figure 3 is replac<^ by a 
GTO driver circuit 121, such as thai shown in Hgure 19. The driver circuit of Rgure 19 uses 
a switch capable of being nimed both on and off to control the application of power to the 
flaslilamp. While this alternative embodiment will be described with m^ect to a GTO being 
used as the switch, uQier switches capable of being mmed both on and off. such as IGBTs. 
may also be used. 

Referring now to Figure 19. driver circuit 121 includes a high voltage source 122. a 
capacitor bank US, an inductor L5, a diode D5, a switch GTOl. a diode D6. a diode D7, a 
re.si.9t.or R5. a capacitor C6. a GTO trigger generator TKl . a resistor R7, a capacitor C7 and a 
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fladiiube trigger generator TR2. 'l-hese components are connected to flashlamp 1* and serve 
to provide the power piilses to flasWamp 14. Tht duration and timing of the pulses are 
provided in accordance wiOi ihe description herein. Driver 121 operates in the manner 
described below. 

' Hlgili voltage source 122 is connectcxi across capadior bank C5, ond charges capacitor 
bank C5 to a voltage suitable for appUcation to fl^Wainp U. Copacitor bank CS may be a 
comprised of one or more capacitors, and may be configured In the manner described above. 

Prior to illumination of flashlamp 14 flashtube trigger generator TRl breaks down 
flashlamp 14 and aeates a relatively low impedance channel tli«cin. After the flashlamp 
breaks dowx^ capacitor C7 dumps euir^nt into fladilanip 14. further creating a tow impedance 
channel in flashlamp U. Jn this manna a piCKlischaxge is provided that prepares flashlamp 
14 for the power pulse. Capacitor C7 provides a smaU amount of cunent. rekiive to capacitor 
bank O. Alternatively, driver circuit 121 may operate in a simmer mode, wherein the pre- 

discharge is not necessary. 

Tliereaftcr. switch GTOl is turned on via a pulse from GTO trigger gene-rator TRl. 
completing the circuit betw^n flashlamp 14 and capacitor bank C5. Thus, capacitor bank C5 
discharges through flashlamp 14. An inductor L5 may be provided to control Uie rise time of 
the current through flaslilamp 14. Inductor L5 may include an inhereui lesistivc component, 
not shown. 

After a length of time determined by the desired pulse width has passed. (Jit) trigger 
generator TRl provides a pulse to switch GTOl. turning it off. A control circuit detemdnes 
the timing of the trigger pulses and provides them in accordance with the desUed pulso widths 
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and delays. 

A circuh con^Hsed of dlcdc D6. ^i«cr R5, and a « <s P»viW 

f„ ,»i«h GTOl. A,», diodes a>d D7 »c provided » po.«. switch OTOl from «v«c 
volu,.. P«..d,or R7 .s p.u.ldcd in p»nd «i,h f^sMamp 14 .0 *e Ick... c„.«>, 

of swucl, QTOl. which con 1« »n b. ««1 .0 m*. ^ .h« "'i<* 0^1 i. op««ine 

properly. 

A po«ibl. addiuon m driver clicdl 121 i. .0 provide an SCR or oa«r switch Ir, 
p^Ud with capacitor b«* C5. Tia» ellows .he di^harge or r,.«.ine of capadiu. banK 05 
^ ntming or. switch OTOl. <3.hcr modiScations may be made. »acU as providing the 
circuit With a »ial rri8,c, rather ^ P-nd t^wcr shu-n. Another modificaUon is ,0 
u» the driver eireuit with a laser rathet thai. n»shlarap 14. 

Proper us. 0. pdse widths a..d delays can aid in avoiding b.,min8 the epide...us. The 
epiden^s has a coota, ti..« of abo« 5 ntsec while larte vessels have a longer cooling time 
(a I mm vessel I« a cooling time of about IW .n.ec). Thus, duung a pulse of duration 
longer a«n 5 msec Ae .pid»mis can ««1 dow. but Oie vessel will not For .«»pl.. i^ 
ucatmen. of a large ves«l (s„ch as one havittx • diameter of about 1 mm a pulse of 100 msec 
will allow the skin to cool, but the vessel will not cool. 

v.. same effect may K achieved using trains of p.lses. This Is useful when it is no. 
practical to ptu.ide a single long puke to the tlasMamp. The delays b«wccn pulses are 
setaed to aaow the skin to cool, but to be too short tot the vessel to «=ol. Thus, larger 
.easels can b. treated with longer delays because they have s^t« cooling times. Small 
vessds cool quickly «.d long delays are not effe«iv. However, they also l».d less energy 
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„d <«n b. «a.ed rffecivel, to a single vul«. Wed « "» ^ 

nu^co 500 specinuUy. *Uy. of )«^v.en lOO-SUO m.«c are eff«dvc Tor 

vwwftls larger than 1 mm in diameter. 

Ddays cf between 20-100 m«c effective for ve,-«b between 0.5 and I .nm in 
dU«««. Debya of b«w.«. 10-50 n«c are etfeetive for ««»la b..w.«. 0.1 «.d. 
0.5 nmt in diameter. A single pute toving a width in the ran,, of 1 n«ec to 20 n»ec i» 
effective for vessds less than 0.1 mm diameter. 

AddiUotudl,. dcUys Aould be seleeted accordin, to sMr. plgmem«ion. Darf«r aVdn 
ab^rb. more and needs more «me to COOl: fltus .o„,er delays ar. needei Ughter sWn 

absorbs less energy and can acconmodate sliotter deUys. 

B has been found thai tnuMple pulses avoids "parpora" or the explosion of sntall 
ve^els in ^ close to the sWt. The use ef pulsaa to avoid h„mint and provide cooling will be 
effective for UiiK provided by lasers or other .murces as well. 

Another alt^na-ive «nbodi,nent Inctades (l.e »se of a mieroproeessor or personal 
computer to control the. fla.*Ian.p. The nucroprocessor can be used to provide the timing 
tocUons snd prompt the trtg«e, signal, described above. Additionally. In one eutWiment 
the microprocessor htcludes a us« interface, such as a screen and keybo«d. buttons, mouse, 
or other input device. The nucroprecessors have information s.o.ed therein that aids in the 
selection of treatment parameters. 

For example, if the r.nndition being Ucated is a port wine stains skin type lU. the 
physician inputs that condition inio the microprocessor. The microprocessor responds with 
sugee.^ed treatment parauv^tcr,. such as using a 570 nm cutoff filter, a double pulse with a 
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laser. 



„«=o. on ^ *o« » - — 

^ l^ion,. om» .an^n^Uon ,«np«««. «on in mdi^. . 

A p„|r«n «iaun .h. mlc,oprc«scr (or .l««..ivdy " ^"^10, clxcuIO models 
in^cracUon of U,^, wifl, Ussue and ve^d. M», po^rams may U us=d .o cany out *e 
^.,^5. ,nd in U,e p..rerr^ -bodlmen. ~ iupo. par»o.«^ - u..: l,.hr 
...rce .ype (rUshl^P or puUed 1.. n»n.U. of ou.,. c«,v« (M ...a.,: .pc-, 
vess^ eiaa>«cr ^ dap*; blood (ox, or aco^yWob'".). P-.^- ~ 
^wccn p».«=; ener^ <ypc f.l«r. *or. or long mod. 1. a boin» »^ 

„d ramperaror,.. l=or a puUcd l.,ar d. ««lenrh . an inpur (400-1064 a.g.). 

rrtcroproccsor «.d *. screan *ow .he fono«u« lnforma.io,> in on. _ 
»^uncn.: .«u,«a»c di=.Hbu.lon . r.a Ussu. and In *e vca, a, .h. end of ™; 
g^phs ur up «. four curve. ,o «,mparo dlffercn. Ugh. »urc. or — , regime, 
AUcn«ivcly, A. outpuB could be prtm»3 rarher .tan shown on a 
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expression 



for fluftncc: 



^ F«'F(0)«p(-x/<J) 

mere « an aboo:ption cc-fficient of dcrmi,. « a .catteri^E coefnciem of 
ee... ^ S if ani^nop, fac:o. .McH is defied . ave...e cos.e of scancHn. an^le 
for one scattering ftveiiL 

rlRpending ou wavelength U addc<J: 
|( F(0)=Fo(640/wr where Wis a wavelength. 



lelaxatiou 
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s^l. for cioladng of F(0). Accorfinsl, » 4is model, the ditTcsc cncgy flu«c «. 
satisfies the following diffusion equation: 



Q » 3y, CYt + 8Y*)Fo «P(-0 

Yft-Y.(l-g) 'Y,,^ 
Y. - Y, + Y. 
t - / Y, <is 



where Fo is the incident energy bean,. Sc.rte.ring and absorption coefficients are function, of 
waveleuBUi. Ike total energy fluencft tate is giveii by 



c 

Hus equation was calculated numerically with the corresponding boundary conditions. 
The bound^ry condition for at the surface iUuminat.^ by the incideiU intensity is 



il^d + 2/3Yb ■ *d * 2y, gFjYjk " 0 
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Tempentuie distrihwtion behavior ill Jie tissue is described Vy solution of the 1-D heat 
conductivity equation in plaiiai geometiy for near epidennis area 



PC • aT/3T - X S*T/ax' + Y^'l'. 



^ with initial and boimdaiy condilioiis 

/ 



Ttwv - 36 



^ Here p is the density of ti3$ue,.c is the specific heat and \ is the heat conduciivily 

coefficienl. Tas. thermal properties of witer were assumed for the thermal properties of tissue. 

A heat conductivity equation is calculated in cylindrical Rcometiy for near vessel area, 
where the center of the cylinder was chosen as point with mwimal temperature. 

"f/ pc mm = S^T/ajr" + 1/r • Jr/3x I Y^'^i 

^^ As one skilled in the art should recognire other models may be used as well. 
^ The microprocessor or personal compulci can also be used to create and store pati«nt 

information in a database. Tlius. past treatment information such as condirtnn being treated, 
treatment parameters, number of treatments, etc is stored and may be recalled when the 
patient is again treated. Hiis aids in providing the proper trealuicm to the patient 
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AddidonaUy, the database may Include photographs of the patient's condlrion before and after 
each treatment Again, this aids in recoid keeping and determinine what treatments arc most 

successf\]l for given conditions. 

In addition to the treatments described above llus devices and methods described herftin 
may b& used to treat other conditions. For example, psoriasis and waits have been 
successfiilly treated. Similarly, skin rejuvenation (treating wrinklw) should be effective The 
inventor ftoher contemplates using this invention to treat hemorrhoids, throat lesions, and 
Kyuecological problems aKociaied ^vith vascular malformaUons. In addition, hair depilation 
ean also be effected. 

Lx the n«ft of hair depiladoii in accordance with the present invention, hair is removed 
by ftifposing the Hairy" aiea to intense, *ade area, pulsed elpr.tromagneiic (Ughi) energy. Tlic 
energy heats die hair and coagulates the tissue around the hair and follicle without damaging 
die healthy skin. 

An optically transparent water based jjel may be appUed to the skin prior to treatmeni. 
As used herein gel means a viscous fluid that is preferably, but not necessarily water based. 
TTie gel is used to cool the epidermis which is the primary location of light absorption by 
tj.wie. due to the melaiun content of the epidermis. The gel is applied so as not lo penetrate 
into die cavity generated by the hair foUicle, and thus does not cool the hair and die hair 
foUide. As a result Ae energy is ."selectively appUcd to coagulate the hair widiout damaging 
the sidn. 

It is desirable Oral a spatially dispersed field of light he used for treatmeul of the sWn, 
in accordance widi the invention. By spatially dispersed, it is intended Uiat the field of light 
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be spread over an extended area, as would be apparent fium the tcnn to one of ordinaiy skill 
in the art Accordingly, any apparatus or combination of elements suitable for produdng a 
dispersed field of light on the skin, as opposed to a nanow beam of light on the sWn, can be 
used* 

A polychroniatic light snnrce. such as a high intensity pulsed flashlamp, is on example 
of a source suitable for the purposes described haeiiu One advantage of a polychromatic 
snuTCC smdl as a flashlamp is ihat energy having a wavelength in the range of 550 tn 630nm 
is heavily absorbed in blood and can be used to coagulate thft vessel that feeds the hair. 
Additionally, longer wavelengths, in fhe range of 600 lo llOOiuu liave a very good 
penetration into non-pigmented sMn. IWs wavelcuglh range can be used to couple to the 
melanin of the hair. The higher pigrucutation of the hair and the hair follicle can enhance the 

absorption of energy by ilie hair. 

Flashlampa also have the advantage of being able to illuminate a large area, thus 
minimiziiig the treatment time. The flashlamp combined wiilx a proper reflector con deliver 
the required fluences to area!? on the order of a few square centimeters in a single application. 
However, other light sources, such as pulsed lasers can be used ns well. ^ 

Referring now to Fi«uie 20, a schematic drawing of a cross section of a hair follicle 
200 In a dennis 202 is shown. As may be seen in Figure 20, a gel applied 10 an 
epidermis 204. In the present invention, water baseri transparent gel 203 is applied to a large 
section of the skin that is covered by hair, such as hair 205. Gel 205 is applied to cpidcnnis 
204 and creates a thin layer on top of epidermis 204. Hiis layer is closely coupled to 
cpidexmis 204 and acts as a heal sink that cools epidermis 204 when light (electromagnetic 
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energy) is applied to the area. As may also be sceii in Figure 20, gel 203 does not penetrate 
into a cavity 206 fonned by hair foUicle 200 due to its surface tension properties and the fact 
that the hair is naturally covered by a thin layer of fetty material which makes it hydrophobic. 
Tlic UTuch higher heat diffusivity of gel 203 comparwi to that of air which fills cavity 206 
cnablca^fost cooling of epidermis 2(14. represented by arrows 207, while hair 205 is cooled at 
a much slower rate. 

■Hie cooling time - « t of an object that has typical dimensions d and dlfftisivity - o 
can be written as: 

I fit«dVl6a 

The epidermis has typical cross dimeii5iiui>s of less than 0.1 mm, which is also the typical 
diameter of hair. Hic diffusivity of water is approjdmatelyB=3xlO 'ni*sec-*. 

The gel is applied, in the manner shown in Hpire 20, over a wide area. Wlien the gel 
is so applied the typical cooling time of the hair will be on the unlei of 200msec and that of 
the epidermis will be on the. order of 5msec. This diffcience in cooling times is due to the 
feet that the gel does not penenate into ihe hair foUidcs. It is preferable to use a transpar«nt 
gd since the gel acts only as a cooling agent and should not be heated by thp. external 
illumination. 

In accordance with the invention, light is appUed to the treated area in eiQicr a long 
pulse or in Q sequence of pulses separated by a delay. The delay and/or pulse length is 
preferably controlled hy the operator to provide enough heat to remove the hair but not 
enough heat to damage the skin. For example, the pulse length or delay between the pulses 
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should be more than the rnoling lime of Uic gel covocd epidermis and less than the. cooling 
time of the hair and folUcle. Tlius. refening to the above discussion on cooling times, k puis* 
length of 50msec if a suiglc pulse is used or a delay of SUmsec between the pulses if a pulse 
sequence is used arc appropriate values. Thft spectrum of the UrIu source may be selected 
with reference to the absoTption by the skin, by the hair and by the blood vessels feeding the 
hair. For example, the hair folUcle has typical a depth of 1 to 2 mm. It is preferable, 
therefore., to use a Ught wavelength range that can penetrate into this depth widlOUt very liigh 
attenuation. 

Figure 21 is a graph showing the scaneiing. absoipliuii and effective attenuation 
coefficients in fair skin dermis and the absoiptiou coefficient of blood in the 400 to lOOOnm 
range. Because a wide area Is illummai<5a. rather than a single hair, it is preiftrable to use a 
wavelength range that penetrates into the skin without being highly attenuated. The skiii 
artenualiott coefficient controls the depth of penetration of Ughi into Uie skin. As may be seen 
in Bgurc 21 wavelengths that are longer than 550nni will be more effective to penetrate deep 
enough into the skin. Shorter wavelengUis are less desirable because they will be Wghly 
attenuated before reaching the lower parts of the hair follicles. 

Wavelengths sisuificantly longer than l.OOOmn are also less effective due to lugh 
absorption of infrared in water which constitutes moTP. than 70% of skin. Wide area photo 
thermal hair removal of the present invention preferably uses light that can pcnetmte deep 
into the skin, since Ught is coupled to the hair and die hair follicles only after it penetrates 
through the skin. Most of the specuum of light at wavelengths longer dian l.,X(x:)nm Is heavUy 
aKwhed in water and will be less useful because it does not penetrate very deep into Uic 
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sldn. For example. laser radiation In the lO.OOOnm range pcncmites only a few tens of 

micrcms into the skin. 

Refciiiiift now to Hgurcs 22 and 23, one preferred embodimftnt of hair lemover 300 
includes a flashlomp 301 located in a housJTig m having a handle. The flashlamp is shown 
adjacent gel 203 and haiiy skin 202/204/205. One flaslilamp that the inventors have found 
effective for hair removal Is described in detail in co-pending United States Patent 
Application For Method and Appaiams For Therapeutic Electromagnetic lYeatment. Serial 
No. 07/964,210, filed October 20, 1992 and issued as U.S Patent No. 5,405.368, and 
incorporated herein by reference. The flasWamp described therein provides a suitable fluencc 
and it illuminates a large area in a single pulse (on the order of 10X50 mm). 

Such a flashlamp is driven by a- variable pulse width power source. The flashlamp is 
contained in housina 302 and the light from the flashlamp is directed towaTri.«5 the .<?ldn by a 
reflector 305 that has a high reflectivity. 

Also shown in Figures 72 and 23 is a filter 307, tiiat is disiASsed between fladilomp 
301 and gel 203. Thp, filter, or In an akanatlvc embodiment, multiple filters, are used to 
control the. specmmi generated by Uie light source. As used herein filter, or band-pass filter, 
de.<?cribes a device that allows electromagnetic energy (Ug^O of certain wavelengths or 
frequences to pass. The other wavelengths or frequencies are eithftf partially or wholly 
removed. 

The operator can selftct the filter acconling to tlie skin pigmentation of the person 
being treated. For the embodiment using a flashlamp, one can take advantage of the spectral 
range typically generated by such a lanip, which is in the range of 200 to 1300 nm for high 
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pressure xenon tlashlamps operated ai liiftli cuiicnt densities (on the order of 1,000 to 5,0(K) 
A/cm'). Since hair removal Is mainly done for cosmetic reasons and is mostly imponant for 
cases of darker hair, the hair itself will absorb light in a wide spectral rdngc ia the visible and 
the near infrared. The shorter wavelength."! generated by the flasUamp may be removed since 
they do not pftnetrate as deeply Into the jskiii (as can be seen from Figure 21). 

In one embodimeiu a long pass filter that trensmits only wavelengths longer than the 
cut off wavelength of the filter is used. A cut off wavelength of 600nin is used in a piefeired 
embodiment when the person being treated has fair sWn. A cut ofT wavelength in the range of 
700 to SOOrnn is used in the prefen-fid embodiment to treat people with dark skin. According 
to the invention, thft filters may be, for example, dichioic filters or absorbing filters. The 
de^irftri spectrum can also be acliieved by more than one filter or by band-pass filters. 

LiKlii fiom flashlamp 301 is coupled to the sldn through a transparent window 308 and 
a coupler 310 (described below). As shown in Figures 22 and 23, window 308 is placed on 
transparent water based gp.l 203. In use, the operator liolds hair remover 300 by handle 304, 
and places if on the area of sWn wheic ueatment is desired (and gel 203 has been appii?^). 
Transparent window 308 a-eatcs a well defined flat surface on gel 203, through which liglu 
enters iulo gel 203 and into the skin. 

The operator selects the pulse and enftrgy fluence parameters on a control unit (not 
shown). The power and rontrol unit are preferably housed in a separate box and will include 
power from 9 capacitor charged to a \n^h voliage by a DC power supply, wherein the 
capacitor is discharscd dirough the flashlamp. Hair remover 300 can be r/ynnecXed to the 
power and control unit via o flexible cable that allows easy aiming of the device wbsai aiming 
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it to the treatment area on the patient's skin. Pulse length control can be achieved by udng a 
few pulse, fbnning networks that can generate different. pulse widths. Alternatively, an 
opening 309 nuy include a soUd rtat.. opening switch Aat can stop the discharee at a lime 
preset by the operator, tbm conooUlng tlte pulse width. These elements of the device arc weU 
known and can he easfly con^uucted. or replaced by similar elemems. a. one skilled in the art 
will know. 

After the parameters have be^n selected, the operator fireo the unit by p««5dnfi a 
switch that can be located in « variety of locaUons. A total fluence on-the. order of 10 to 100 
J/em» will successfiiUy remove the hair. This fluence can be determined from the i^quiiemcnt 
of reaching a high enough icmperamre of the hair and hair follicle, and considering the 
penetration of light, ihn^ugh the sWn and into the hair and hair follicle, absorption of light in 
the hair and hair fomclc, specific heat opacity of the hair and the hair follicle, ard the 
cooling of the hair during the pulse by heal conductivity to the surrounding sMn. 

Coupler 310 transmits light Horn flashlamp 301 to gel 703 and to the skin. The 
coupler can be. comprised uf a hollow box with internally reflecting walls that act as a Ught 
guide t^r the Ughl generated by flashlamp 301. to transmit the light (electromagnetic energy) 
to the ddn. Coupler 310 may alternatively be made from other material, for example, a soUd 
tnuispaient material such as gl^tss or acryUc in which light reflection from the walls is 
achieved by using total iniemal reflection on the side walls. 

Coxipler 310 is used, in one alternative embodiment, to conxwl die angular distribution 
of the light rays impinging on the akin. Ught rays will hit die hair or the hair follicle 
predomii«ntly when they are traveUing in a direcUon perpendicular to the plane of the skiin. 
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A distribution of light rays thai has a relaUvdy wide angular divergence when treating 
shaUow hair is desirable to direct a large portion of the energy to the hairs anrt follicles. 
Conversely, a narrow divergence is preferable when deep p«netration is desired. 

In one embodiment both shallow and deep penetration is obtained by a using a two 
stage treatment pttx».ss. A naiiow dlverRcuce beam is used first to treat the deeper hair 
foUicles, while a high divergence beam b used to treat the top of (he hair foUicles. 

Figure 24 shows a coupler 501 having an exit beam with a greater angular divergence 
than that of the entrance beam. As shown in Fjgiire 24. a beam 502 enters coupler 501 at a 
small angle, relative to the axis of coupler 501. When beam 502 exits coupler 501 the angle, 
relativft to the axis, is much greater. Tlie tapered shape of coupler 501 enhances this 
divergence. 

Figure 25 shows a straight coupler 601, that maintains the angular distribution of Uie 
lays of light that enter into it. A beam 602 is shown entering and exiting coupler 601 with the 
same angle, relative to the axis of coupler 601. Alternate use of both couplers 501 and 601 
can achieve thB nanow and deep penetrdUon discussed above. Alternatively, the user can 
select the type of coupler according to the depth of hair being treated. 

dimcal tests have been performed on hair on the legs of a few patients. Hair wis 
icmoved for at least two months without obseTvine any hair growing back on Uie exposed 
areas during this period. "Dift experiments were performed with high fluenccs, ix., up to 45 
J/cm* in each exposure. Hie specUum used covered the range of 570 to 1100 nm and the 
fluencc was supplied in a triple pulse with delays of 50 to 100 msRc between pulses. The 
pulse sequence enabled hair removal with minimum pain and no damage to tlic skin. The 
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transparent gel thai was used in these experiments was a water based ullias<mnd gel, such as 
that cuuuiionly available. 

Thus, it should be apparent that there has been provided in accordance wiOi the 
present invention various inventions that My satisfy tlic objectives and advantages set forth 
abova. Although the iuveulions have been dcsoibed in conjunction with specific embodiments 
tliercof, it is evident that many alternatives, modifications and variations will be appaicni 10 
those skilled in the ait Accordingly, it is intended to embrace all such alternatives, 
modifications and variations that fall within the spirit and broad scope of the appended 
claims. 
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